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doi:10.1016/j.jfma.2012.02.023Background/Purpose: The Purdue pegboard test is widely used in measuring the hand dexterity
of patients with schizophrenia. In patients with schizophrenia, the testeretest reliability and
minimal detectable change (MDC) of this test remain largely unknown, limiting the interpret-
ability of this popular measure. The purpose of this study was to estimate the testeretest reli-
ability and the MDC of the Purdue pegboard test for patients with schizophrenia.
Methods: A total of 147 patients with schizophrenia participated in this study. The participants
were administrated the five subtests of the Purdue pegboard test, three trials in a row at both
of the two sessions 1 week apart. The intraclass correlation coefficient (ICC) was used to
examine the testeretest reliability and the MDC was calculated on the basis of standard error
of measurement.
Results: The testeretest reliabilities of the five subtests were moderate to good
(ICC Z 0.73e0.88). The MDC (MDC%) was 3.0 (22.9%) for the dominant hand subtest, 3.1
(26.1%) for the nondominant hand subtest, 3.0 (31.7%) for the both hands subtest, 6.1
(17.7%) for the dominant þ nondominant þ both hands subtest, and 8.5 (35.3%) for the
assembly subtest.
Conclusion: Our results reveal that the Purdue pegboard test has moderate-to-good
testeretest reliability but substantial random measurement error. These findings shouldcupational Therapy, Chung Shan Medical University, No. 110, Section 1, Jianguo North Road, Taichung
(W.-S. Lu).
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Reliability of Purdue pegboard test 333enable clinicians and researchers to monitor and interpret the changes in the hand
dexterity of patients with schizophrenia more accurately and confidently.
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By doing everyday tasks with his/her hands, a person can
gain competence and master his/her desired and expected
roles in life.1 Hand dexterity deficits are common in patients
with schizophrenia.2 Dexterity deficits often limit or restrict
the individual’s capacity to complete daily life tasks effec-
tively and efficiently.3 In the investigation of the effects of
treatments for patients with schizophrenia, hand dexterity
is usually an important indicator because of its close rele-
vance to executive function and impact on social function.4
Hand dexterity also influences employment outcomes for
patients with schizophrenia.5 Clinicians assess the hand
dexterity of patients with schizophrenia periodically to
revise treatment programs in order to improve the patients’
ability to perform in their occupations. Thus, a reliable
instrument is crucial in measuring hand dexterity function in
patients with schizophrenia to monitor the effects of
intervention in both clinical and research settings.
To examine the reliability of a measure, the testeretest
reliability can be calculated by the extent of agreement and
reproducibility between two repeated measurements.6 The
minimal detectable change (MDC) is defined as the minimal
threshold beyond the random measurement error with a 95%
confidence level.7 Namely, MDC (absolute value) indicates
theminimalmagnitude of change beyondwhich the change is
likely to be real, rather than due to random measurement
error. Both clinicians and researchers can use the MDC as
a threshold to judgewhether a change in an individual patient
on a certain measure referring to a specific characteristic
signifies real improvement (or deterioration). Thus, the MDC
is critical in interpreting individual changes in successive
measurements in both clinical and research settings.
The testeretest reliability of the Purdue pegboard test
has been examined in healthy persons and persons diag-
nosed with multiple sclerosis, rheumatoid arthritis, and
mental retardation.8e12 However, the testeretest reli-
ability and the MDC of the Purdue pegboard test when
administered to patients with schizophrenia have not been
examined and thus remain largely unknown. Because
psychometric properties (e.g., testeretest reliability) are
sample dependent,13,14 such a shortcoming of the Purdue
pegboard test limits the measure’s utility and interpret-
ability for patients with schizophrenia.
The purpose of this study was to examine the
testeretest reliability and the MDC of the five subtests of
the Purdue pegboard test in patients with schizophrenia.
Methods
Participants
Participants were recruited from a chronic ward of a clinical
psychiatric center in southern Taiwan. The eligible partici-
pantsmet the followingcriteria: (1) diagnosis of schizophreniaaccording to the Diagnostic and Statistical Manual of Mental
Disorders, 4th ed. (DSM-IV) criteria, excluding schizoaffective
disorder; (2) stable and consistent dose of antipsychotic
medication for at least1monthprior to the study; (3) ability to
follow instructions; and (4) absence of substance abuse or
other neurological deficits such as dementia, mental retar-
dation, or developmental disability. All participants gave
informedconsentprior to their inclusion in this studyandwere
assigned identification numbers to maintain anonymity. Data
were collected from February 2009 to May 2009. The study
protocol was reviewed and approved by the Institutional
Review Board of Kai-Suan Psychiatric Hospital.
Procedures
The Purdue pegboard test was administered at two sessions
1 week apart by a trained occupational therapist. All
participants completed three trials per session. The ther-
apist followed the standard procedure and gave the
instructions according to the Purdue pegboard test manual.
The test was administered by group, and each group
comprised no more than five patients. Participants’ demo-
graphic characteristics were collected from medical charts.
Instrument
The Purdue pegboard test, which has good predictive and
concurrent validity,15,16 consists of five subtests: dominant
(D) hand, nondominant (ND) hand, both (B) hands,
dominant þ nondominant þ both (D þ ND þ B) hands, and
assembly subtest. On a Purdue pegboard, each of the
extreme right- and left-side cups contains 25 pins. For right-
handed participants, the cup next to the extreme right cup
contains 20 collars, and the cup next to the extreme left cup
contains 40 washers; this arrangement is reversed for left-
handed participants. The test can be administrated either
individually or by group. In the D hand and ND hand subtests,
participants are instructed to place as many pins as possible
in the holes in 30 seconds. In the B hands subtest, partici-
pants use the D and ND hands simultaneously to place the
pins in both holes in 30 seconds. In the assembly subtest,
participants pick up and place pins, washers, and collars,
using alternative hands, for 60 seconds. The number of pins
placed in the pegboard within the time limit represents the
scores for the D hand and ND hand subtests, and the pairs of
pins for the B hands subtest. The sum of scores of the three
subtests represents the score for the D þ ND þ B hands
subtest. The number of pieces assembled completely
(containing pin, washer, collar, and second washer) repre-
sents the score of the assembly subtest.17
Statistical analysis
The mean scores of the three trials in each session of the
five subtests were computed for the test and retest
Table 1 Characteristics of the clients with schizophrenia
(n Z 147).
Characteristic
Gender (male/female) 98/49
Age [mean year (SD)] 41.2 (10.1)
Onset duration [mean year (SD)] 25.0 (6.7)
Schizophrenia subtypes
295.10 Disorganized type 18
295.20 Catatonic type 1
295.30 Paranoid type 106
295.60 Residual type 16
295.90 Undifferentiated type 6
Education
Elementary school 14
Junior high school 43
Senior high school 70
University and above 20
Marital status
Single 108
Married 24
Divorced 15
Vocational status
No 97
Sheltered employment 17
Vocational training 29
Supported employment 3
Competitive employment 1
Antipsychotic/anticholinergic medication (CPZ)
[percentage (mean dosage)]
Haloperidol 33.3 (644.9)
Clozapine 21.1 (619.4)
Sulpiride 6.8 (380.0)
CPZZ chlorpromazine equivalent doses (mg/d); SDZ standard
deviation.
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intraclass correlation coefficient (ICC2,1) was used to
analyze the testeretest reliability of the Purdue pegboard
test.6 The reason for using the ICC rather than Pearson
correlation is that the Pearson correlation captures not the
agreement but the degree to which scores on repeated
trials relate in a linear manner.18 An ICC value of >0.80
represents high reliability.19
The MDC was calculated based on standard error of
measurement (SEM) according to the following formulae20:
MDCZ1:96
ﬃﬃﬃ
2
p
 SEM
SEMZSDall testing scores 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 rÞ
p
The O2 is used to account for the underlying extra
uncertainty during measurement in two time points. The
value 1.96 is the z score associated with the 95% confidence
level, and r is the coefficient of the testeretest reliability,
which was estimated by ICC. MDC% was calculated as (MDC/
mean)  100%, presenting the relative amount of random
measurement error; the mean is the mean score of all
trials. An MDC% of <30% was considered as acceptable and
<10% as excellent.21
A paired t test was conducted for each subtest to
examine whether systematic biases existed. The level of
significance was set at p < 0.05.
BlandeAltman plots were used to visualize the differ-
ence and mean score of each pair of measurements.22
Assuming that the differences follow normal distribution,
the limits of agreement (LOAs) lie within d  1.96  SD,
where d represents the mean difference between test and
retest scores, and SD is the standard deviation of differ-
ences of each pairs.
Analyses were carried out using the SPSS 13.0 software
(SPSS Inc., Chicago, IL, USA).
Results
A total of 154 patients met the recruitment criteria and
completed the first session. However, seven patients did
not complete the retest session and were excluded from
the data analysis. A total of 132 participants were right-
hand dominant and 15 were left-hand dominant. The mean
age of the 147 participants was approximately 41 years
(SD Z 10.1), and 67% of the participants were male. All
participants were receiving maintenance medication,
taking antipsychotic medication alone (the first three
medications were haloperidol, clozapine, and sulpiride),
and there were no significant changes in medication in the
1-week study period; the mean dosages of medications are
shown in Table 1. In addition, 97 (66.0%) of the participants
were receiving regular occupational therapy. The other
participants were involved in sheltered employment,
vocational training, supported employment, and competi-
tive employment. Further demographic information of the
participants is given in Table 1.
The reliability indices of the Purdue pegboard test are
listed in Table 2. The ICCs for the five subtests of the Pur-
due pegboard test between successive sessions were
between 0.73 and 0.88, indicating moderate-to-goodtesteretest reliability. The significance of paired t tests
of the ND hand, D þ ND þ B hands, and assembly subtests
was significant.
The MDC (MDC%) was 3.0 (22.9%) for the D hand subtest,
3.1 (26.1%) for the ND hand subtest, 3.0 (31.7%) for the B
hands subtest, 6.1 (17.7%) for the D þ ND þ B hands
subtest, and 8.5 (35.3%) for the assembly subtest. All MDC%
of the five subtests were between 35.3% and 17.7%, rep-
resenting limited-to-good random measurement error.19
In Figs. 1 and 2, the differences in scores between two
successive sessions of the D hand and ND hand subtests are
respectively plotted against the mean scores. The LOAs
ranged from 3.18 to 2.75 for the D hand subtest, and from
3.49 to 2.5 for the ND hand subtest.
Discussion
Hand dexterity is closely related to one’s occupation. This
study contributes to the applicability and interpretability of
a hand dexterity assessment instrument, the Purdue
pegboard test, in several aspects. We found that the ICCs of
Table 2 Reliability indices of the Purdue pegboard test (n Z 147).
Subtest First test Second test Difference p of paired t ICC (95% CI) SEM MDC(%)
Mean (SD) Mean (SD) Mean (SD)
D hand 12.9 (2.3) 13.1 (2.5) 0.2 (1.5) 0.086 0.80 (0.73e0.85) 1.1 3.0 (22.9)
ND hand 11.7 (2.5) 12.2 (2.4) 0.5 (1.5) <0.001* 0.79 (0.70e0.85) 1.1 3.1 (26.1)
B hands 9.4 (2.1) 9.5 (2.3) 0.1 (1.6) 0.536 0.73 (0.65e0.80) 1.1 3.0 (31.7)
D þ ND þ B 34.1 (6.3) 34.8 (6.4) 0.7 (3.0) 0.002* 0.88 (0.84e0.92) 2.2 6.1 (17.7)
Assembly 23.8 (7.7) 24.6 (7.9) 0.8 (4.3) 0.018* 0.84 (0.79e0.89) 3.1 8.5 (35.3)
B hands Z both hands; CI Z confidence interval; D hand Z dominant hand; ICC Z intraclass correlation coefficient; MDC Z minimal
detectable change; ND hand Z non-dominant hand; SD Z standard deviation; SEM Z standard error or measurement.
*Significant differences (p < 0.05).
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0.73 and 0.88, indicating moderate-to-good testeretest
reliability on patients with schizophrenia.10,19 These results
are consistent with the results from healthy aging individ-
uals,10 and slightly lower than those from students and
persons with multiple sclerosis.11,19 In addition, in the
BlandeAltman plots, no systematic trends were found; i.e.,
the means were not associated with the differences of each
pair of measurements.22 In general, these results suggest
that the Purdue pegboard test is a reliable measure for
tracking the change in hand dexterity of patients with
schizophrenia over time.
For clinical use, our study determines the magnitude of
the random measurement error of the Purdue pegboard
test when administrated to patients with schizophrenia. We
found that the MDCs of the five subtests of the Purdue
pegboard test were 3.0, 3.1, 3.0, 6.1, and 8.5 for the D
hand, ND hand, B hands, D þ ND þ B hands, and assembly
subtests, respectively. This finding indicates that only
a change between repeated measurements greater than
the MDC (e.g., 3.0 points for the D hand subtest) could be
viewed, with 95% certainty, as a real change.23 Thus, ourFigure 1 BlandeAltman method for plotting the difference
in scores against the mean scores of the dominant hand subtest
of the Purdue pegboard test. The two bold lines define the
limits of agreement (mean of difference  1.96 SD).
SD Z standard deviation.findings can help clinicians interpret the change scores
more reasonably.
However, the MDC% of all the subtests, except that of
the D þ ND þB subtest, were higher than 20% (and even
higher than 30% for the B hands and assembly subtests),
representing substantial random measurement error.21
These results indicate that to be regarded as true change
(or beyond measurement error), a change in Purdue
pegboard test should be relatively large. In addition, hand
dexterity seems to be more trait-like and less responsive to
neuroleptic treatment.24 These observations may result in
few patients being able to achieve greater change scores of
the Purdue pegboard test than the MDC. Thus, the clinical
utility of the Purdue pegboard test is threatened. To
improve the clinical utility of the Purdue pegboard test, we
can try to decrease the value of MDC (by increasing the trial
number or rater training).23 It is necessary for clinicians to
select a measure with a small MDC to detect real change in
the hand dexterity of patients with schizophrenia disorders.
From a statistical perspective, the MDC can also be
regardedas the threshold to identify a statistically significant
change in an individual patient. Namely, a change score in anFigure 2 BlandeAltman method for plotting the difference
in scores against the mean scores of the nondominant hand
subtest of the Purdue pegboard test. The two bold lines define
the limits of agreement (mean of difference  1.96 SD).
SD Z standard deviation.
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exceeding theMDC can be viewed as a changewith statistical
significance.25 Therefore, clinicians can use the MDC to
determine whether an individual patient has made signifi-
cant improvement in a clinical setting.
For group comparison (research purposes), the
individual-level MDC (MDCindividual) can be modified to
group-level MDC (MDCgroup), depending on the sample size
(n), using following equation: MDCgroup Z MDCindividual/
On.26 However, the MDCgroup is usually not a concern, owing
to the substantial sample size in research settings. For
instance, if the MDCindividual of the D hand subtest is 3.0, the
MDCgroup will be just 0.6 (for nZ 30), which is too trivial to
be of concern.
Researchers can also use the MDCindividual as the
threshold to report the proportion of a study sample that
has achieved real change (improvement or deterioration).20
Researchers usually report the mean change of the whole
study group. The results of significant mean changes within
a study group, however, do not guarantee that all patients
in the group achieve significant improvement. Thus,
reporting the proportion of the study group that achieves or
exceeds the MDCindividual helps researchers translate their
research results to the clinical context and thus enhances
the applicability of research outcomes.
Regarding the test procedure, we administered the
Purdue pegboard test to patients in groups of two to five
persons. There might be a difference between testing the
participants in groups or individually. To our knowledge, no
studies to date show any differences between testing the
participants in groups or individually. However, we cannot
exclude the possible effect of group dynamics on the hand
function testing of the participants. The difference
between testing the participants in groups or individually
might need to be examined.
In addition, prospective users could recalculate the
value of MDC according to the confidence level that they
select. In this study, we used the 95% confidence level (z
score Z 1.96); however, users could choose another
confidence level (e.g., 90%, z scoreZ 1.645) in response to
their needs.
Two limitations in the research should be addressed.
First, our sample was a convenience sample, with an
uneven proportion in gender (male/female Z 2/1), as well
as in chronic and relatively stable stages. These charac-
teristics of the sample may threaten the generalizability of
our findings. Future studies could recruit more patients
with more equal gender and illness status distributions to
further validate our results.
Second, systematic biases, which may result from the
practice effect, were noted in the ND, D þ ND þ B, and
assembly subtests, a fact that may affect the accuracy of
our findings. However, the ratios of mean difference to
mean scores of testeretest measurements of the five
subtests were about 1.1e4.2%, which seems to be too small
to be of concern.
In brief, our results reveal that the Purdue pegboard test
has moderate-to-good testeretest reliability but substan-
tial random measurement error. These findings should
enable clinicians and researchers to monitor and interpret
the changes in the hand dexterity of patients with schizo-
phrenia more accurately and confidently.Acknowledgments
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